Objective: The aim of this study was to evaluate the impact of several aspects of climate, such as temperature and altitude, on dental maturation.
ge calculation is used for civil, criminal, forensic, and anthropologic purposes, as well as for both pediatric dentistry and orthodontics, to be able to determine a child's growth and developmental status. This information is especially important for diagnosis and treatment planning. 1Y8 The most commonly used developmental indicators are skeletal maturity, body height and weight, sexual changes, and dental development and eruption. 9 Dental assessment based on dental maturity is one of the most reliable indicators of chronological age and the most widely used in forensic and legal dentistry. 10 There are several ways to determine dental age based on the degree of calcification observed in radiographic examinations in permanent teeth. 11Y15 The Demirjian method, a widely used one, is based on the observation of 7 left-side mandibular teeth in children of French Canadian origin. Various investigators have demonstrated differences between several ethnic groups. 3, 4, 16 So far, insufficient information has been obtained about how climatic factors can influence dental mineralization. In this article, we explore the impact of several aspects of climate, such as temperature and altitude, on dental maturation.
MATERIALS AND METHODS
The data for the present cross-sectional study were collected from 2 geographic locations in TurkeyVErzurum city in Eastern Anatolia and Kayseri city in Central Anatolia. The study was performed using 944 panoramic radiographs taken from 473 healthy Turkish children (228 girls and 245 boys) from Eastern Anatolia and 471 healthy Turkish children (222 girls and 249 boys) from Central Anatolia, all of whom aged between 7 and 14.9 years. All of the x-ray technicians who performed the radiographs had had a minimum working experience of 5 years, as of 1996. The technicians used an orthopantomography device (Planmeca Proline CC 2002, 60Y80 kVp, 8Y10 mA, 12.8-second exposure time; Planmeca, Helsinki, Finland) with a magnification factor of 1.2. This retrospective and cross-sectional study did not require approval from the ethics committee. Children were excluded from the study based on any of the following: tooth agenesis, systemic diseases affecting the growth and development of their teeth, poor quality of the panoramic radiographs, or image deformity affecting mandibular permanent teeth.
Climatic Factors of the Locations
The mean altitude of Erzurum (Eastern Anatolia) is 1850 m, and the temperatures in the city vary between j35-C at night and j18-C in the morning. Winter is prolonged and harsh, and below-freezing temperatures are normal in this region. Indeed, Erzurum is one of the coldest and highest cities in Europe. 17 By contrast, the mean altitude of Kayseri (Central Anatolia) is 1000 m, with mean temperatures similar to European averages.
Assessment of Dental Mineralization
Chronological age was calculated by subtracting the date of the panoramic radiograph from the child's date of birth after having converted both to a decimal age. The stages of dental maturity of the 7 left-side permanent mandibular teeth for each subject were established using the 8 radiographic dental maturity stages demonstrated by Demirjian et al. 12 Potential interobserver error was eliminated by ensuring that all estimates were performed by the same observer (A.E.S.) without prior knowledge of the age or sex of the children. This ensured that the contrast enhancement of the tooth images at each stage of the 7 mandibular teeth allocated a biologically weighted score. The sum of these scores provided an estimate of the dental maturity, measured on a scale from 0 to 100. The overall maturity score was then converted to a dental age by using available tables and/or percentile curves.
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Statistical Analysis
For each age and sex group, the mean differences between the dental and chronological ages of the subjects were calculated. The Kolmogorov-Smirnov test was used to determine the normality of the distribution of the developmental stages for both mandibular third molars in each sex and age group. Independent t tests and paired t tests were performed to compare sex, location, and age to determine the relationships between tooth developments. To assess the reproducibility, 90 (almost 10% of the radiographs) randomly selected panoramic radiographs were reevaluated 1 month after the first examination by the same investigator. The percentage agreement between the 2 readings was calculated by examining these 90 radiographs of 630 teeth. Intraobserver consistency was examined through paired t test (0.93). Statistical analyses were performed using the SPSS 15.0 package (SPSS Inc, Chicago, Ill) for Windows. Table 1 shows the distribution of the girls and boys into different age groups; 450 (47%) were girls and 504 (53%) were boys. Differences between the mean chronological ages and estimated dental ages, according to the Demirjian method, are presented in Table 2 for each group. Both sexes were advanced in dental maturity, when comparing the reference samples for the Central Anatolian population. The mean differences between the chronological and dental ages ranged from 0.2 to 1.2 years in girls and from 0.7 to 3.1 years in boys for Central Anatolian children; the mean differences between the chronological and dental ages for Eastern Anatolian children ranged from 0.03 to 0.77 years in girls and from 0.39 to 2.0 in boys (Table 3) . However, Eastern Anatolian children were 0.12 to 0.93 years delayed in dental maturity in the 11-and 14-year-old groups of girls and 0.08 to 0.45 years delayed in the 12-and 13-year-old groups of boys (Table 3) .
RESULTS
For Eastern Anatolian children, the differences between the chronological and dental ages were statistically significant in the 7-and 11-year-old groups of girls (P = 0.00 and P = 0.00, respectively) and in the 7-to 9-year-old groups and the 11-yearold groups of boys (P = 0.00, P = 0.00, P = 0.04, and P = 0.00, respectively; Table 2 ). However, for the Central Anatolian children, the differences between the chronological and dental ages were statistically significant in all groups, except the 9-year-old group of girls and the 9-and 11-year-old groups of boys (for girls: P = 0.00, P = 0.00, P = 0.01, P = 0.03, P = 0.00, P = 0.00, and P = 0.00, respectively; for boys: P = 0.00, P = 0.00, P = 0.00, P = 0.00, P = 0.00, and P = 0.00, respectively; Table 2 ).
Significant dental age differences between Eastern and Central Anatolian children were observed in the 12-to 14-yearold age groups of girls (P = 0.03, P = 0.02, and P = 0.01, respectively) and the 8-and 11-year-old age groups of boys (P = 0.02, P = 0.00, and P = 0.00, respectively; Table 3 ). The Central Anatolian subjects were approximately 0.2 to 3.0 years advanced in dental maturity than the Eastern Anatolian subjects.
Similar dental maturities were observed between Eastern and Central Anatolian children in the 7-to 11-year-old age groups for girls and in the 7-, 9-, 10-, and 14-year-old groups for boys.
DISCUSSION
Radiographs provide a permanent record, showing a moment in the progressive sequence of dental development. A defined scale of maturity between early development and maturity may be mathematically manipulated to relate to chronological age. 18 Several methods have been used for determining dental development. 19, 20 One of the principal methods for dental age estimation is the Demirjian 8-stage method. It is among the simplest, most practical, and widely used methods. 21 Numerous studies have been conducted for other populations, showing a great variability in the dental maturation process. Investigations of several ethnic and geographic groups using Demirjian method have shown some differences in dental formation. 3, 4, 9, 22, 23 These studies have suggested that ethnic factors, climate, nutrition, socioeconomic levels, and urbanization are the most effective markers in dental maturity. Therefore, considering the regional differences in a huge country such as Turkey and establishing specific parameters for each region would be extremely valuable. The aim of this study, then, was to assess the applicability of Demirjian method in examining Turkish children living in Eastern Anatolia and Central Anatolia to compare the dental maturity of each to that of the other and to other populations as well.
Although a common finding in reports published on different populations is that the Demirjian method for dental age estimation accurately estimates the dental age of the subjects being examined, some reports 24, 25 showed an underestimation of the dental age and others 3, 4 reported an overestimation. In the present study, using the Demirjian method for dental age estimation led to an overestimation of the dental development in Central Anatolian children for all age groups. Although we found an overestimation for most of the age groups, we observed underestimation in the 11-, 13-, and 14-year-old age groups of girls and the 12-and 13-year-old age groups in Eastern Anatolian subjects. As a group, Central Anatolian children were dentally advanced by 1.14 years compared with the French Canadian standards. The mean advance in girls was 0.87 years; in boys, it was 1.42 years. The Swedish sample, where the mean difference was greater, agreed with our results. 26 The Swedish boys differed by 0.4 to 1.8 years, and the girls by 0.5 to 1.8 years. However, Eastern Anatolian children were dentally advanced by only 0.29 years compared with the French Canadian standards. The mean advance in girls was 0.06 years; in boys, it was 0.53 years. The differences were statistically significant in all age groups, except in the 9-yearold group for girls and the 9-and 11-year-old groups for boys for the Western Anatolian subjects. However, the differences were statistically significant only in the 7-and 11-year-old age groups of girls and the 7-to 9-year-old age groups and 11-year-old age groups of boys for the Eastern Anatolian subjects. Also, agreeing with our results was that the mean difference for Dutch boys was 0.4 years, and for girls, it was 0.6 years. 27 In the sample of Norwegian children, the mean difference was smaller (0.2 years for boys and 0.3 years for girls). 28 Hägg and Matsson 19 have suggested that the Demirjian method affords a high degree of reliability and precision, particularly in younger children. However, we found the largest differences between chronological age and dental age in the 7-year-old age group for both Eastern and Central Anatolian children. Similarly, Tunc and Koyuturk 16 assessed the Demirjian method on children living in Northern Turkey and have suggested that the largest discrepancy was observed in the 5-to 6-year-old age group.
The difference between chronological age and dental age in the 11-year-old age group in Eastern Anatolian children and in the 12-year-old age group for children from Western Anatolia was found to be higher than the other age groups for both sexes in the present study. These results agree with another Turkish study. 16 This greater overestimation of the dental age is probably due to the prepubertal or pubertal growth changes pertinent to this age period. 16 Similarly, Rózyao-Kalinowska et al 29 have suggested that the lowest agreement with Demirjian standard was observed in the 6-year-old age group among Polish children.
The Central Anatolian population was dentally advanced compared with the Eastern Anatolian population. The mean advancement was 0.81 years in females and 0.91 years in males. Also, the advancement for Turkish children as a whole group was 0.45 years in girls and 0.87 years in boys. Liversidge et al 24 performed a similar analysis of 2 different populations of British children to find out whether the Demirjian method was applicable to British populations. These authors have suggested that British children, as a whole group, were dentally advanced compared with the French Canadian standards. The mean advancement was 0.50 years in girls and 0.73 years in boys.
The lack of difference between ethnic groups is important. The results of our study are preliminary because of the need to evaluate how climatic factors affect dental maturation within the same ethnic population. Based on our findings, the present study suggests that regional conditions affect dental maturation. However, it is population specificity, which includes genetics, ethnicity, nutrition, disease, socioeconomic status, urbanization, and, very possibly, climate, that will affect dental maturity. Because of these limitations, it is clear that further research and 
